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(55)  A  process  for  preparing  epoxy  resins  from  aliphatic  hydroxyl-containing  compounds. 
@  The  present  invention  is  a  process  for  preparing  an  epoxy 
resin  which  comprises  reacting  (A)  a  material  having  an  aver- 
age  of  more  than  one  aliphatic  hydroxyl  group  per  molecule 
with  (B)  an  epoxy  alkyl  halide  in  the  presence  of  (C)  an  alkali 
metal  hydroxide  and  (D)  at  least  one  phase  transfer  catalyst, 
removing  the  salt  formed,  allowing  the  reaction  to  separate 
into  an  aqueous  phase  and  an  organic  phase,  removing  the 
aqueous  phase,  and  recovering  the  epoxy  resin  from  the 
organic  phase.  The  invention  is  characterized  by  repeating  at 
least  once  the  steps  in  which  the  organic  phase  is  reacted  with 
a  quantity  of  component  (C)  sufficient  to  cause  a  separation  of 
the  reaction  mixture  into  an  aqueous  phase  and  an  organic 
phase  and  which  is  at  least  stoichiometric  with  the  amount  of 

<  ̂ unreacted  component  (A),  removing  the  saltformed,  allowing 
the  reaction  mixture  to  separate  into  an  aqueous  phase  and  an 

_  organic  phase,  and  removing  the  aqueous  phase.  This  pro- 
JJI  cess  provides  for  a  high  level  of  conversion  of  the  aliphatic 
2j  hydroxyl-containing  material  to  the  corresponding  glycidyl ™  ethers. 
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@ The  present  invention  is  a  process  for  preparing  an  epoxy 
resin  which  comprises  reacting  (A)  a  material  having  an  aver- 
age  of  more  than  one  aliphatic  hydroxyl  group  per  molecule 
with  (B)  an  epoxy  alkyl  halide  in  the  presence  of (C)  an  alkali 
metal  hydroxide  and  (D)  at  least  one  phase  transfer  catalyst, 
removing  the  salt  formed,  allowing  the  reaction  to  separate 
into  an  aqueous  phase  and  an  organic  phase,  removing  the 
aqueous  phase,  and  recovering  the  epoxy  resin  from  the 
organic  phase.  The  invention  is  characterized  by  repeating  at 
least  once  the  steps  in  which  the  organic  phase  is  reacted  with 
a  quantity  of component  (C)  sufficient to  cause  a  separation  of 
the  reaction  mixture  into  an  aqueous  phase  and  an  organic 
phase  and  which  is  at  least  stoichiometric  with  the  amount  of 
unreacted  component (A),  removing the  saltformed,  allowing 
the  reaction  mixture to  separate  into  an  aqueous  phase  and  an 
organic  phase,  and  removing  the  aqueous  phase.  This  pro- 
cess  provides  for  a  high  level  of  conversion  of  the  aliphatic 
hydroxyl-containing  material  to  the  corresponding  glycidyl 
ethers. 



The  p r e s e n t   i n v e n t i o n   p e r t a i n s   to   a  p r o c e s s  
f o r   p r e p a r i n g   e p o x y   r e s i n s  f r o m   a l i p h a t i c   h y d r o x y l -  

- c o n t a i n i n g   c o m p o u n d s .  

E p o x y   r e s i n s   p r e p a r e d   f r o m   a l i p h a t i c   h y d r o x y l -  

- c o n t a i n i n g   c o m p o u n d s   h a v e   t r a d i t i o n a l l y   b e e n   p r e p a r e d  

by  r e a c t i n g   s u c h   h y d r o x y l - c o n t a i n i n g   c o m p o u n d s   w i t h   a n  

e p i h a l o h y d r i n   i n   t h e   p r e s e n c e   o f   a  L e w i s   a c i d   a n d  

s u b s e q u e n t l y   d e h y d r o h a l o g e n a t i n g   t h e   r e s u l t a n t   h a l o h y d r i n  

i n t e r m e d i a t e   p r o d u c t  w i t h   an  a l k a l i   m e t a l   h y d r o x i d e .  

W h i l e   s u c h   p r o d u c t s   a r e   r e a d i l y   p r e p a r e d   by  t h i s   m e t h o d ,  

t h e y   c o n t a i n   i n o r d i n a t e l y   h i g h   l e v e l s   o f   t o t a l   h a l i d e  

r e n d e r i n g   t h e m   u n s u i t a b l e   f o r  e f f e c t i v e   c u r i n g   w i t h  

a m i n e   c u r i n g   a g e n t s .  

U . S .   P a t e n t   No.  4 , 2 8 4 , 5 7 4   t e a c h e s   a  s i n g l e -  

- s t a g e   p r o c e s s   f o r   p r e p a r i n g   low  v i s c o s i t y   g l y c i d y l  

e t h e r s   o f   a l i p h a t i c  h y d r o x y l - c o n t a i n i n g  c o m p o u n d s   b y  

r e a c t i n g   t h e   a l i p h a t i c   h y d r o x y l - c o n t a i n i n g   c o m p o u n d  

w i t h   e p i c h l o r o h y d r i n   in   t h e   p r e s e n c e   o f   an  a l k a l i   m e t a l  

h y d r o x i d e   and  a  p h a s e   t r a n s f e r   c a t a l y s t .  



U.S .   P a t e n t   No.  4 , 3 7 3 , 0 7 3   t e a c h e s   a  p r o c e s s  
f o r   p r e p a r i n g   h i g h l y   p u r e   g l y c i d y l   e t h e r s   by  r e a c t i n g  

p h e n o l s   w i t h   e p i c h l o r o h y d r i n   and  s u b s e q u e n t   d e h y d r o h a l o -  

g e n a t i o n   w i t h   d i l u t e   a q u e o u s   a l k a l i .   The  d e h y d r o h a l o -  

g e n a t i o n   i s   c a r r i e d   o u t   i n   t h e   p r e s e n c e   o f   an  o n i u m  

c a t a l y s t   w h o s e   l i q u i d s   a r e   h y d r o c a r b o n   g r o u p s   c h o s e n  

f r o m   q u a t e r n a r y   ammonium  c o m p o u n d s   w i t h   a t   l e a s t   o n e  

C 4 - C 2 2   a l i p h a t i c   h y d r o c a r b o n   g r o u p ,   q u a t e r n a r y  

p h o s p h o n i u m   c o m p o u n d s   o r   t e r t i a r y   s u l p h o n i u m   c o m p o u n d s .  

The   p r o c e s s   may  be  o p e r a t e d   c o n t i n u o u s l y   o r   b a t c h w i s e .  

The  p r o c e s s   o f   t h e   p r e s e n t   i n v e n t i o n   p r o v i d e s  

f o r   a l i p h a t i c   b a s e d   e p o x y   r e s i n s   w h i c h   a r e   l o w e r   i n  

t o t a l   h a l i d e   and  w h i c h   c a n   be  s u i t a b l y   c u r e d   w i t h   a m i n e  

c u r i n g   a g e n t s   as  w e l l   as  t h e   o t h e r   t r a d i t i o n a l   e p o x y  
r e s i n   c u r i n g   a g e n t s .  

T h i s   i n v e n t i o n   i s   d i r e c t e d   t o   a  p r o c e s s   f o r  

p r e p a r i n g   an  e p o x y   r e s i n   w h i c h   c o m p r i s e s   r e a c t i n g   (A)  a  

m a t e r i a l   h a v i n g   an  a v e r a g e   o f   more   t h a n   one  a l i p h a t i c  

h y d r o x y l   g r o u p   p e r   m o l e c u l e   w i t h   (B)  an  e p o x y   a l k y l  

h a l i d e   i n   t h e   p r e s e n c e   o f   (C)  an  a l k a l i   m e t a l   h y d r o x i d e  

a n d   (D)  a t   l e a s t   one   p h a s e   t r a n s f e r   c a t a l y s t ,   r e m o v i n g  

t h e   s a l t   f o r m e d ,   a l l o w i n g   t h e   r e a c t i o n   m i x t u r e   t o  

s e p a r a t e   i n t o   an  a q u e o u s   p h a s e   and   an  o r g a n i c   p h a s e ,  

r e m o v i n g   t h e   a q u e o u s   p h a s e ,   and  r e c o v e r i n g  t h e   e p o x y  
r e s i n   f r o m   t h e   o r g a n i c   p h a s e ,   w h e r e i n   t h e   p r e p a r a t i o n s  

o f   c o m p o n e n t s   (A)  a n d   (B)  a r e   s u c h   t h a t   c o m p o n e n t   (A)  

d i s s o l v e s   i n   c o m p o n e n t   (B)  and  t h e   r a t i o   o f   e q u i v a l e n t s  

o f   c o m p o n e n t   (B)  t o   e q u i v a l e n t s   o f   c o m p o n e n t   (A)  i s  

g r e a t e r   t h a n   1 : 1 ,   c o m p o n e n t   (C)  i s   e m p l o y e d   as  an  18  t o  

70  w e i g h t   p e r c e n t   a q u e o u s   s o l u t i o n   and   i n   a  q u a n t i t y  

w h i c h   i s   s u f f i c i e n t   t o   c a u s e   t h e   s e p a r a t i o n   o f   t h e  

r e a c t i o n   m i x t u r e   i n t o   an  a q u e o u s   p h a s e   and   an  o r g a n i c  



p h a s e   a t   t h e   c o n c l u s i o n   of   t h e   r e a c t i o n   and  w h i c h   i s   a t  

l e a s t   s t o i c h i o m e t r i c   w i t h   t h e   a m o u n t   o f   u n r e a c t e d  

c o m p o n e n t   (A) ,   c o m p o n e n t   (D)  i s   e m p l o y e d   in   a  q u a n t i t y  

of   f rom  0 . 1   t o   10  w e i g h t   p e r c e n t   b a s e d   on  t h e   r e a c t i o n  

m i x t u r e ,   and   t h e   r e a c t i o n   i s   c o n d u c t e d   a t   a  t e m p e r a t u r e  

b e t w e e n   0°  and   1 1 0 ° C ,   c h a r a c t e r i z e d   by  r e p e a t i n g   a t  

l e a s t   o n c e   t h e   s t e p s   in   w h i c h   t h e   o r g a n i c   p h a s e   i s  

r e a c t e d   w i t h   a  q u a n t i t y   o f   c o m p o n e n t   (C)  s u f f i c i e n t   t o  

c a u s e   a  s e p a r a t i o n   o f   t h e   r e a c t i o n   m i x t u r e   i n t o   a n  

a q u e o u s   p h a s e   and   an  o r g a n i c   p h a s e   and  w h i c h   i s   a t  

l e a s t   s t o i c h i o m e t r i c   w i t h   t h e   a m o u n t   o f   u n r e a c t e d  

c o m p o n e n t   (A) ,   r e m o v i n g   t h e   s a l t   f o r m e d ,   a l l o w i n g   t h e  

r e a c t i o n   m i x t u r e   t o   s e p a r a t e   i n t o   an  a q u e o u s   p h a s e   a n d  

an  o r g a n i c   p h a s e   and   r e m o v i n g   t h e   a q u e o u s   p h a s e .  

The  r a t i o   of   e q u i v a l e n t s   o f   c o m p o n e n t   (B)  t o  

e q u i v a l e n t s   o f   c o m p o n e n t   (A)  i s   p r e f e r a b l y   f r o m   1 . 5 : 1  

to   1 0 : 1 ,   m o s t   p r e f e r a b l y   1 . 5 : 1   to   5 : 1 .   C o m p o n e n t   ( C )  

i s   p r e f e r a b l y   e m p l o y e d   as  a  45  to   55  w e i g h t   p e r c e n t  

a q u e o u s   s o l u t i o n .   C o m p o n e n t   (D)  i s   p r e f e r a b l y   e m p l o y e d  

in   a  q u a n t i t y   o f   f r o m   0 .5   to   5  w e i g h t   p e r c e n t ,   m o s t  

p r e f e r a b l y   f r o m   0 . 5   to   1 .5   w e i g h t   p e r c e n t   b a s e d   u p o n  
t h e   r e a c t i o n   m i x t u r e .   The  r e a c t i o n   i s   c o n d u c t e d   a t   a  

t e m p e r a t u r e   p r e f e r a b l y   b e t w e e n   0°  and   70°C ,   m o s t  

p r e f e r a b l y   b e t w e e n   15°  and  6 0 ° C .   A d v a n t a g e o u s l y ,   t h e  

r e a c t i o n   i s   c o n d u c t e d   u n t i l   t h e   c o n c e n t r a t i o n   o f  

a l i p h a t i c   h y d r o x y l   g r o u p s   i s   no  l o n g e r   s u b s t a n t i a l l y  

d e c r e a s i n g .  

The  p r o c e s s   a c c o r d i n g   to   t h i s   i n v e n t i o n  m a y  

be  o p e r a t e d   b a t c h w i s e   or   c o n t i n u o u s l y .   In  c o n t i n u o u s  

o p e r a t i o n ,   an  o r g a n i c   p h a s e   c o n t a i n i n g   t h e   a l i p h a t i c  

h y d r o x y l   m a t e r i a l   and  t h e   e p o x y   a l k y l   h a l i d e   can   b e  

c o u n t e r c u r r e n t l y   c o n t a c t e d   w i t h   an  a q u e o u s   p h a s e  



c o n t a i n i n g   t h e   a l k a l i   m e t a l   h y d r o x i d e .   The  p h a s e  

t r a n s f e r   c a t a l y s t   may  be  i n i t i a l l y   i n   e i t h e r   t h e   o r g a n i c  

p h a s e   o r   t h e   a q u e o u s   p h a s e   b e f o r e   t h e   two  p h a s e s   a r e  

c o n t a c t e d   t o g e t h e r .  

Any  m a t e r i a l   h a v i n g   an  a v e r a g e   o f   more   t h a n  

one   a l i p h a t i c   h y d r o x y l   g r o u p   p e r   m o l e c u l e   c a n   be  e m p l o y e d  

h e r e i n .   S u c h   c o m p o u n d s   i n c l u d e ,   f o r   e x a m p l e ,   a l i p h a t i c  

d i o l s ,   t r i o l s   or   t e t r o l s   as  w e l l   as  a d d u c t s   o f   a r o m a t i c  

h y d r o x y l - c o n t a i n i n g   c o m p o u n d s   w i t h   v i c i n a l   a l k y l   e p o x i d e  

c o m p o u n d s   o r   a r o m a t i c   s u b s t i t u t e d   v i c i n a l   a l k y l   e p o x i d e  

c o m p o u n d s .  

P a r t i c u l a r l y   s u i t a b l e   a l i p h a t i c   h y d r o x y l -  

- c o n t a i n i n g   c o m p o u n d s ,   i n c l u d e ,   f o r   e x a m p l e ,   e t h y l e n e  

g l y c o l ,   p r o p a n e   d i o l s ,   b u t a n e   d i o l s ,   p e n t a n e   d i o l s ,  

h e x a n e   d i o l s ,   p e n t a e r y t h r i t o l ,   p o l y o x y a l k y l e n e   d i o l s ,  

g l y c e r i n e ,   t r i m e t h y l o l   p r o p a n e ,   p o l y o x y a l k y l e n e   t r i o l s  

o r   m i x t u r e s   t h e r e o f .   A l s o   s u i t a b l e   a r e   t h e   a d d u c t s   o f  

p h e n o l i c   h y d r o x y l - c o n t a i n i n g   c o m p o u n d s   s u c h   a s ,   f o r  

e x a m p l e ,   h y d r o q u i n o n e ,   r e s o r c i n o l ,   c a t e c h o l ,   b i s p h e n o l s  

or   n o v o l a c   r e s i n s   w i t h   a l k y l e n e   o x i d e s   o r   a r o m a t i c  

s u b s t i t u t e d   a l k y l e n e   o x i d e s   and   a l k y l e n e   c a r b o n a t e s ,  

s u c h   a s ,   f o r   e x a m p l e ,   e t h y l e n e   o x i d e ,   p r o p y l e n e   o x i d e ,  

1 , 2 - b u t y l e n e   o x i d e ,   2 , 3 - b u t y l e n e   o x i d e ,   s t y r e n e   o x i d e ,  

e t h y l e n e   c a r b o n a t e   o r   m i x t u r e s   t h e r e o f .  

S u i t a b l e   e p o x y   a l k y l   h a l i d e s   w h i c h   c a n   b e  

e m p l o y e d   h e r e i n   i n c l u d e   t h o s e   r e p r e s e n t e d   by  t h e   f o r m u l a  



w h e r e i n   R  i s   h y d r o g e n   or  an  a l i p h a t i c   h y d r o c a r b o n   g r o u p  

h a v i n g   f rom  1  t o   4  c a r b o n   a t o m s   and   X  i s   a  h a l o g e n ,  

p r e f e r a b l y   c h l o r i n e   or   b r o m i n e .  

S u i t a b l e   a l k a l i   m e t a l   h y d r o x i d e s   w h i c h   can   b e  

e m p l o y e d   h e r e i n   i n c l u d e ,   f o r   e x a m p l e ,   s o d i u m   h y d r o x i d e ,  

p o t a s s i u m   h y d r o x i d e ,   l i t h i u m   h y d r o x i d e   or   m i x t u r e s  

t h e r e o f .  

The  t e r m   p h a s e   t r a n s f e r   c a t a l y s t   as  e m p l o y e d  

h e r e i n   means   t h a t   i t   i s   a  c o m p o u n d   w h i c h   r e n d e r s   t h e  

h y d r o x i d e   a n i o n   f r o m   t h e   a l k a l i   m e t a l   h y d r o x i d e   s o l u b l e  

i n   t h e   o r g a n i c   p h a s e .   S u i t a b l e   s u c h   c a t a l y s t s   i n c l u d e ,  

f o r   e x a m p l e ,   q u a t e r n a r y   ammonium  c o m p o u n d s ,   q u a t e r n a r y  

p h o s p h o n i u m   c o m p o u n d s ,   s u l f o n i u m   c o m p o u n d s ,   c r o w n  

e t h e r s   or   m i x t u r e s   t h e r e o f .  

P a r t i c u l a r l y   s u i t a b l e   q u a t e r n a r y   a m m o n i u m  

c o m p o u n d s   i n c l u d e ,   f o r   e x a m p l e ,   b e n z y l   t r i m e t h y l   a m m o n i u m  

c h l o r i d e ,   b e n z y l   t r i m e t h y l   ammonium  b r o m i d e ,   t e t r a b u t y l  

ammonium  c h l o r i d e   or   m i x t u r e s   t h e r e o f .  

S u i t a b l e   q u a t e r n a r y   p h o s p h o n i u m   c o m p o u n d s  

i n c l u d e   t h o s e   d i s c l o s e d   i n   U . S .   3 , 9 4 8 , 8 5 5   and  U . S .  

3 , 4 7 7 , 9 9 0 .  

P a r t i c u l a r l y   s u i t a b l e   q u a t e r n a r y   p h o s p h o n i u m  

c o m p o u n d s   i n c l u d e ,   f o r   e x a m p l e ,   m e t h y l   t r i b u t y l   p h o s p h o n -  

ium  d i m e t h y l   p h o s p h a t e ,   b e n z y l   t r i p h e n y l   p h o s p h o n i u m  

c h l o r i d e ,   m e t h y l   t r i - n - b u t y l   p h o s p h o n i u m   b i c a r b o n a t e  

or   m i x t u r e s   t h e r e o f .  

S u i t a b l e   s u l f o n i u m   c o m p o u n d s   i n c l u d e ,   f o r  

e x a m p l e ,   t r i b u t y l   s u l f o n i u m   i o d i d e ,   d i m e t h y l   i s o b u t y l  



s u l f o n i u m   c h l o r i d e ,   n - a m y l   d i m e t h y l   s u l f o n i u m   h y d r o x i d e ,  

o r   m i x t u r e s   t h e r e o f .  

In   a  b a t c h   p r o c e s s ,   t h e   r e a c t i o n   i s   c o n d u c t e d  

i n   two  o r   m o r e   s t a g e s   and   t h e   s a l t   r e m o v e d   f r o m   t h e  

r e a c t i o n   m i x t u r e   c o n t i n u o u s l y ,   or   b e t w e e n   s t a g e s .   T h e  

s a l t   c a n   be  r e m o v e d   by  any   c o n v e n t i o n a l   m e a n s   s u c h   a s ,  

f o r   e x a m p l e ,   by  f i l t r a t i o n   o r   c e n t r i f u g a t i o n   a n d / o r  

w a t e r   w a s h i n g .   L i k e w i s e ,   t h e   e x c e s s   e p o x y   a l k y l   h a l i d e  

c a n   be  r e m o v e d   by  any   c o n v e n t i o n a l   m e a n s   s u c h   a s ,   f o r  

e x a m p l e ,   by  d i s t i l l a t i o n .  

In   a  c o n t i n u o u s   p r o c e s s ,   t h e   e x c e s s   e p o x y  

a l k y l   h a l i d e   i s   r e m o v e d   f r o m   t h e   e p o x y   r e s i n   p r o d u c t   b y  

a n y   c o n v e n t i o n a l   m e a n s   s u c h   a s ,   f o r   e x a m p l e ,   by  d i s t i l -  

l a t i o n   a n d   any   e n t r a i n e d   q u a n t i t i e s   o f   s a l t   c o n t a i n e d  

i n   t h e   o r g a n i c   p h a s e   i s   r e m o v e d   by  t h e   a f o r e s a i d   c o n v e n -  

t i o n a l   m e a n s   f o r   s a l t   r e m o v a l .  

The  f o l l o w i n g   e x a m p l e s   a r e   i l l u s t r a t i v e   o f  

t h e   p r e s e n t   i n v e n t i o n .  

EXAMPLE  1  

(PREPARATION  OF  DIGLYCIDYL  ETHER  OF  DICYCLOPENTADIENE 
I ) IMETHYLOL) 

D i c y c l o p e n t a d i e n e   d i m e t h y l o l   (192  g,  0 . 9 8  

m o l e s ,   0 . 4 9   e q u i v . )   was  d i s s o l v e d   i n   e p i c h l o r o h y d r i n  

( 1 0 0 0   c c ,   1 2 . 5   m o l e s ,   1 2 . 5   e q u i v . )   a t   60°C.   The  m i x t u r e  

was  c o o l e d   to   35°C  and   t e t r a b u t y l   ammonium  c h l o r i d e  

p h a s e   t r a n s f e r   c a t a l y s t   (40  g  o f   50  p e r c e n t   a q u e o u s  

s o l u t i o n ,   0 . 0 7 2   e q u i v . )   and   50  p e r c e n t   a q u e o u s   NaOH 

( 5 4 7   g,  6 . 8 4   e q u i v . )   w e r e   a d d e d   w i t h   v i g o r o u s   s t i r r i n g  

( 5 5 0   rpm  i n   2  l i t e r   b a f f l e d   g l a s s   t h r e e   n e c k   f l a s k ) .   A 

p r e c i p i t a t e   was  f o r m e d   and  t h e   m i x t u r e   e x o t h e r m e d   t o  

76°C  ( c o o l i n g   w i t h   i c e   was  a p p l i e d   when  t h e   t e m p e r a t u r e  



of   t h e   r e a c t i o n   m i x t u r e   r e a c h e d   6 0 ° C ) .   The  a q u e o u s  

l a y e r   c o n g e a l e d .   S t i r r i n g   and  h e a t i n g   a t   60°C  w e r e  

c o n t i n u e d   f o r   30  m i n u t e s   ( 1 8 0 0   s ) .   The  r e a c t i o n   m i x t u r e  

was  c o o l e d ,   and  i c e   w a t e r   s u f f i c i e n t   to   j u s t   d i s s o l v e  

t h e   p r e c i p i t a t e d   NaCl   was  a d d e d   w i t h   s t i r r i n g .   T h e  

m i x t u r e   was  a l l o w e d   to   s e t t l e   and   t h e   a q u e o u s   l a y e r  

was  r e m o v e d .  

A  l i k e   q u a n t i t y   o f   50  p e r c e n t   a q u e o u s   NaOH  a t  

32°C  was  t h e n   m i x e d   w i t h   t h e   o r g a n i c   p h a s e .   The  m i x t u r e  

was  h e a t e d   to   and   h e l d   a t   60°C  f o r   30  m i n u t e s   ( 1 8 0 0   s ) .  

The  a q u e o u s   p h a s e   was  s e p a r a t e d .   The  o r g a n i c   p h a s e   w a s  

w a s h e d   w i t h   20  p e r c e n t   NaH2P04  a q u e o u s   s o l u t i o n   a n d  

t h e n   w i t h   d e i o n i z e d   w a t e r .   The  a q u e o u s   l a y e r   w a s  

s e p a r a t e d   and   t h e   e p i c h l o r o h y d r i n   was  r e m o v e d   f rom  t h e  

o r g a n i c   p h a s e   by  v a c u u m   d i s t i l l a t i o n   to   g i v e   a  y e l l o w  

r e s i n .   The  r e s u l t s   o f   a n a l y s i s   of   t h e   r e s u l t a n t   e p o x y  
r e s i n   a r e   g i v e n   i n   T a b l e   I.  C o n v e r s i o n   o f   t h e   f i n a l  

p r o d u c t   to   t h e   d i g l y c i d y l   e t h e r   was  9 6 . 1   p e r c e n t   b a s e d  

on  t h e   d i g l y c i d y l   e t h e r   o f   d i c y c l o p e n t a d i e n e   d i m e t h y l o l  

( m o l e c u l a r   w e i g h t   o f   3 0 8 . 4 )   h a v i n g   a  t h e o r e t i c a l   p e r c e n t  

e p o x i d e   of   2 7 . 9 .  

The  a b o v e   p r e p a r e d   e p o x y   r e s i n   was  c u r e d   f o r  

16  h o u r s   ( 5 7 6 0 0   s)  a t   25°C  and  2  h o u r s   ( 7 2 0 0   s)  a t  

100°C  w i t h   t r i e t h y l e n e   t e t r a m i n e   i n   an  e q u i v a l e n t   r a t i o  

o f   a m i n e   to   e p o x y   o f   1 : 1 .   The  r e s u l t s   a r e   g i v e n   i n  

T a b l e   I .  

COMPARATIVE  EXPERIMENT  A 

(PREPARATION  OF  DIGLYCIDYL  ETHER  OF  DICYCLOPENTADIENE 
DIMETHYLOL  WITH  LEWIS  ACID  CATALYST) 

D i c y c l o p e n t a d i e n e   d i m e t h y l o l   (588   g,  3  m o l e s ,  

1 . 5   e q u i v . )   was  d i s s o l v e d   i n   e t h y l e n e   d i c h l o r i d e   (1372   g )  

a t   75°C  w h i l e   s t i r r i n g .   S t a n n i c   c h l o r i d e   ( 1 5 . 6   g,  0 . 0 6  



m o l e s )   was  a d d e d   and   t h e   t e m p e r a t u r e   was  r a i s e d   t o  

r e f l u x ,   8 8 ° C .   E p i c h l o r o h y d r i n   (583  g,  6 . 3   m o l e s ,   6 . 3  

e q u i v . )   was  a d d e d   o v e r   a  45  m i n u t e   ( 2 7 0 0   s)  p e r i o d   f r o m  

a  d r o p p i n g   f u n n e l .   The  s o l u t i o n   t h e n   t u r n e d   b l a c k .  

The  r e a c t i o n   m i x t u r e   was  c o o l e d   to   70°C  and   b e n z y l  

t r i m e t h y l   ammonium  c h l o r i d e   (18  ml  o f   a  60  p e r c e n t  

a q u e o u s   s o l u t i o n ,   0 . 0 5   e q u i v . )   and  a  20  p e r c e n t   a q u e o u s  
s o l u t i o n   o f   s o d i u m   h y d r o x i d e   (1500   g,  7 . 5   e q u i v . )   w e r e  

a d d e d   and   t h e   r e a c t i o n   m i x t u r e   c o o l e d   to   5 0 ° C .   S t i r r i n g  

was  c o n t i n u e d   and   t h e   t e m p e r a t u r e   m a i n t a i n e d   a t   5 0 ° C  

f o r   2  h o u r s   ( 7 2 0 0   s ) .   The  r e a c t i o n   m i x t u r e   was  c o o l e d  

to   3 5 ° C   and   t h e   a q u e o u s   l a y e r   was  s e p a r a t e d   f r o m   t h e  

o r g a n i c   l a y e r .   To  t h e   o r g a n i c   l a y e r   was  a d d e d   a n  

a d d i t i o n a l   750  g  ( 3 . 7 5   e q u i v . )   of   20  p e r c e n t   a q u e o u s  
s o d i u m   h y d r o x i d e   and   9  ml  ( 0 . 0 2 5   e q u i v . )   o f  b e n z y l  

t r i m e t h y l   ammonium  (60  p e r c e n t   a q u e o u s   s o l u t i o n )   c a t a l y s t  

was  a d d e d .   The  r e a c t i o n   m i x t u r e   was  h e a t e d   t o   50°C  a n d  

m a i n t a i n e d   t h e r e a t   w i t h   s t i r r i n g   f o r   2  h o u r s   ( 7 2 0 0   s ) .  

The  r e a c t i o n   m i x t u r e   was  c o o l e d   to   35°C  and   t h e   a q u e o u s  

l a y e r   was  s e p a r a t e d   f r o m   t h e   o r g a n i c   l a y e r .   The  o r g a n i c  

l a y e r   was  w a s h e d   t h r e e   t i m e s   w i t h   a b o u t   500  ml  e a c h   o f  

d e i o n i z e d   w a t e r .   The  e t h y l e n e   d i c h l o r i d e   was  r e m o v e d  

u n d e r   v a c u u m   in   a  r o t a r y   e v a p o r a t o r .   The  a n a l y s i s   o f  

t h e   r e s u l t a n t   p r o d u c t   and   p r o p e r t i e s   when   c u r e d   w i t h  

t r i e t h y l e n e   t e t r a m i n e   as  i n   E x a m p l e   1  a r e   g i v e n   i n  

T a b l e   I .   C o n v e r s i o n   to   t h e   d i g l y c i d y l   e t h e r   o f  

d i c y c l o p e n t a d i e n e   d i m e t h y l o l   was  8 4 . 9   p e r c e n t .  

EXAMPLE  2 

(PREPARATION  OF  DIGLYCIDYL  ETHER  OF  CYCLOHEXANE 
DIMETEYLOL ) 

C y c l o h e x a n e d i m e t h y l o l   (432   g,  6  e q u i v . )   w a s  

d i s s o l v e d   i n   e p i c h l o r o h y d r i n   (1450   g,  1 5 . 6 8   e q u i v . ) .  

T e t r a b u t y l a m m o n i u m   c h l o r i d e   (40  g r a m s   o f   a  48  p e r c e n t  

a q u e o u s   s o l u t i o n ,   0 . 0 6 8   e q u i v . )   was  t h e n   a d d e d .   S o d i u m  



h y d r o x i d e   s o l u t i o n   (568   ml  of   50  p e r c e n t   a q u e o u s  

s o l u t i o n ,   1 0 . 8   e q u i v . )   was  a d d e d   o v e r   a  30  m i n u t e   ( 1 8 0 0  

s)  p e r i o d .   The  t e m p e r a t u r e   of  t h e   r e a c t i o n   m i x t u r e  

r o s e   f rom  35°  to   60°C  w h e r e   i t   was  m a i n t a i n e d   by  i c e  

c o o l i n g .   S t i r r i n g   and   h e a t i n g   w e r e   c o n t i n u e d   f o r   15  

m i n u t e s   (900  s)  a f t e r   t h e   l a s t   a d d i t i o n   o f   c a u s t i c .  

The  m i x t u r e   was  c o o l e d   to   35°C  and  i c e   w a t e r   a d d e d  

s u f f i c i e n t   to   d i s s o l v e   t h e   p r e c i p i t a t e d   s a l t .   T h e  

a q u e o u s   l a y e r   was  s e p a r a t e d   f rom  t h e   o r g a n i c   l a y e r .  

A  s e c o n d   a d d i t i o n   of   a  l i k e   q u a n t i t y   of   5 0  

p e r c e n t   NaOH  s o l u t i o n   was  t h e n   made ,   b e g i n n i n g   a t   3 2 ° C .  

The  m i x t u r e   was  h e l d   a t   60°C  f o r   30  m i n u t e s   (1800   s ) .  

C o n v e r s i o n   of   t h e   a l c o h o l   to   t h e   d i g l y c i d y l   e t h e r   w a s  

64  p e r c e n t .   The  a q u e o u s   p h a s e   was  s e p a r a t e d   as  b e f o r e .  

A  t h i r d   a d d i t i o n   of   a  l i k e   q u a n t i t y   o f   5 0  

p e r c e n t   NaOH  s o l u t i o n   was  a d d e d   and  t h e   r e a c t i o n   m i x t u r e  

s t i r r e d   a t   60°C  f o r   15  m i n u t e s   (900  s ) .   C o n v e r s i o n   o f  

t h e   a l c o h o l   to   t h e   d i g l y c i d y l   e t h e r   was  80  p e r c e n t .  

The  a q u e o u s   l a y e r   was  s e p a r a t e d .  

A  f o u r t h   a d d i t i o n   of   a  l i k e   q u a n t i t y   of   5 0  

p e r c e n t   NaOH  was  a d d e d   and   t h e   m i x t u r e   s t i r r e d   a t   6 0 ° C  

f o r   15  m i n u t e s   (900  s ) .   The  r e a c t i o n   m i x t u r e   w a s  

c o o l e d   to   35°C  and  d e i o n i z e d   w a t e r   (568  ml)   was  a d d e d  

and  t h e   m i x t u r e   c o o l e d   to   25°C .   The  r e a c t i o n   m i x t u r e  

was  t h e n   s t i r r e d   f o r   30  m i n u t e s   ( 1 8 0 0   s)  i n   o r d e r   t o  

r e d u c e   r e s i d u a l   h y d r o l y z a b l e   c h l o r i d e   f r o m   0 . 1 6   t o  

0 . 0 4 8   p e r c e n t .   The  a q u e o u s   l a y e r   was  s e p a r a t e d ,   t h e  

o r g a n i c   l a y e r   w a s h e d   w i t h   20  p e r c e n t   NaH2P04  a q u e o u s  
s o l u t i o n   (200  ml)  and  t h e n   w i t h   d e i o n i z e d   w a t e r   ( 4 0 0  

m l ) .   The  o r g a n i c   p h a s e   was  s e p a r a t e d   and   t h e   e p i c h l o r o -  

h y d r i n   r e m o v e d   by  v a c u u m   d i s t i l l a t i o n   a t   150°C   a n d  



1  mm  Hg  (133  Pa)   t o   g i v e   a  p a l e   y e l l o w   r e s i n .   T h e  

r e s u l t s   o f   a n a l y s i s   o f   t h e   r e s u l t a n t   e p o x y   r e s i n   a n d  

t h e   p r o p e r t i e s   when   c u r e d   w i t h   t r i e t h y l e n e   t e t r a m i n e   a s  

i n   E x a m p l e   1  a r e   g i v e n   i n   T a b l e   I .   C o n v e r s i o n   of   t h e  

f i n a l   p r o d u c t   t o   t h e   d i g l y c i d y l   e t h e r   was  9 2 . 5   p e r c e n t  

b a s e d   on  t h e   d i g l y c i d y l   e t h e r   o f   c y c l o h e x a n e d i m e t h y l o l  

( m o l e c u l a r   w e i g h t   2 5 4 . 3 )   h a v i n g   a  t h e o r e t i c a l   p e r c e n t  

e p o x i d e   o f   3 3 . 8 5 .  

COMPARATIVE  EXPERIMENT  B 

(PREPARATION  OF  DIGLYCIDYL  ETHER  OF  CYCLOHEXANEDIMETHYLOL 
WITH  LEWIS  ACID  CATALYST)  

The  p r o c e d u r e   o f   C o m p a r a t i v e   E x p e r i m e n t   A  w a s  

r e p e a t e d   u s i n g   c y c l o h e x a n e d i m e t h y l o l   i n s t e a d   o f   d i c y c l o -  

p e n t a d i e n e   d i m e t h y l o l .   The  a n a l y s i s   o f   t h e   e p o x y   r e s i n  

a n d   p r o p e r t i e s   o f   t h e   r e s i n   c u r e d   w i t h   t r i e t h y l e n e  

t e t r a m i n e   as  i n   E x a m p l e   1  a r e   g i v e n   i n   T a b l e   I.   C o n v e r -  

s i o n   o f   t h e   c y c l o h e x a n e d i m e t h y l o l   t o   t h e   d i g l y c i d y l  

e t h e r   was  7 7 . 4   p e r c e n t .  

EXAMPLE  3 

(PREPARATION  OF  TRIMETHYLOL  PROPANE  TRIGLYCIDYL  ETHER) 

T r i m e t h y l o l p r o p a n e   (200  g,  4 . 4 8   e q u i v . )   w a s  

d i s s o l v e d   i n   e p i c h l o r o h y d r i n   (2320   g,  2 5 . 0 8   e q u i v . )   a t  

6 0 ° C .   T e t r a b u t y l a m m o n i u m   c h l o r i d e   (60  g  o f   a  50  p e r c e n t  

- a q u e o u s   s o l u t i o n ,   0 . 1 0 8   e q u i v . )   was  t h e n   a d d e d .   T h e  

s o l u t i o n   was  c o o l e d   t o   35°C  and  50  p e r c e n t   a q u e o u s   NaOH 

s o l u t i o n   (645   g,  8 . 0 6   e q u i v . )   was  a d d e d   o v e r   20  m i n u t e s  

( 1 2 0 0   s ) .   The  t e m p e r a t u r e   was  m a i n t a i n e d   b e t w e e n   6 0 °  

and   75°C  w i t h   i c e   b a t h .   Ten  m i n u t e s   ( 6 0 0   s)  a f t e r   t h e  

l a s t   NaOH  s o l u t i o n   was  a d d e d ,   t h e   t e m p e r a t u r e   w a s  

c o o l e d   to   35°C  and   i c e   w a t e r   s u f f i c i e n t   t o   d i s s o l v e   t h e  

p r e c i p i t a t e d   s a l t   was  a d d e d .   C o n v e r s i o n   o f   t h e   a l c o h o l  

t o   t h e   d i g l y c i d y l   e t h e r   was  56  p e r c e n t .   The  a q u e o u s  

l a y e r   was  s e p a r a t e d .  



A  s e c o n d   a d d i t i o n   o f   400  ml  of   50  p e r c e n t  

NaOH  s o l u t i o n   was  made  and  t h e   r e a c t i o n   m i x t u r e   s t i r r e d  

f o r   10  m i n u t e s   (600   s)  a t   6 0 ° C .   C o n v e r s i o n   o f   t h e  

a l c o h o l   t o   t h e   d i g l y c i d y l   e t h e r   was  77  p e r c e n t .   T h e  

a q u e o u s   l a y e r   was  s e p a r a t e d   as  b e f o r e .  

A  t h i r d   a d d i t i o n   o f   400  ml  o f   50  p e r c e n t   NaOH 

s o l u t i o n   was  made  and  t h e   r e a c t i o n   m i x t u r e   s t i r r e d   f o r  

30  m i n u t e s   ( 1 8 0 0   s)  a t   6 0 ° C .   The  a q u e o u s   l a y e r   w a s  

s e p a r a t e d   as  b e f o r e .  

A  f o u r t h   a d d i t i o n   o f   100  ml  of   50  p e r c e n t  

NaOH  s o l u t i o n   was  made  and  t h e   r e a c t i o n   m i x t u r e   s t i r r e d  

f o r   10  m i n u t e s   (600  s)  a t   3 3 ° C .   Then   100  ml  d e i o n i z e d  

w a t e r   was  a d d e d   and  t h e   m i x t u r e   s t i r r e d   f o r   15  m i n u t e s  

(900  s)  a t   3 0 ° C .   The  o r g a n i c   l a y e r   was  w o r k e d   up  a s  

d e s c r i b e d   i n   E x a m p l e   2 .  

The  r e s u l t s   o f   t h e   a n a l y s i s   of   t h e   a b o v e  

p r e p a r e d   e p o x y   r e s i n   and  p r o p e r t i e s   when  c u r e d   a s  

d e s c r i b e d   i n   E x a m p l e   1  a r e   g i v e n   in   T a b l e   I.  C o n v e r s i o n  

of   t h e   f i n a l   p r o d u c t   to   t h e   t r i g l y c i d y l   e t h e r   was  9 5 . 4  

p e r c e n t   b a s e d   on  t h e   t r i g l y c i d y l   e t h e r   o f   t r i m e t h y l o l -  

p r o p a n e   ( m o l e c u l a r   w e i g h t   3 0 2 . 4 )   h a v i n g   a  t h e o r e t i c a l  

p e r c e n t   e q o x i d e   o f   4 2 . 7 .  

EXAMPLE  4  

(PREPARATION  OF  DIGLYCIDYL  ETHER  OF  THE  REACTION  PRODUCT 
OF  PROPYLENE  OXIDE  AND  BISPHENOL  A  AT  A  MOLAR  RATIO  OF 
2  TO  1  R E S P E C T I V E L Y )  

The  p r o d u c t   o f   t h e   r e a c t i o n   of   b i s p h e n o l   A 

p l u s   two  p r o p y l e n e   o x i d e s   (172  g r a m s ,   1 .0   e q u i v . )   w a s  

d i s s o l v e d   i n   e p i c h l o r o h y d r i n   (255   g,  2 . 7 5   e q u i v . ) .  

T e t r a b u t y l a m m o n i u m   c h l o r i d e   (10  g r a m s   of   a  48  p e r c e n t  

s o l u t i o n ,   0 . 0 1 7   e q u i v . )   was  t h e n   a d d e d   and  t h e   m i x t u r e  



h e a t e d   t o   6 0 ° C .   S o d i u m   h y d r o x i d e   ( 1 4 7   ml  o f   35  p e r c e n t  

a q u e o u s   s o l u t i o n ,   1 . 2 8   e q u i v . )   was  a d d e d   and  t h e   m i x t u r e  

s t i r r e d   f o r   30  m i n u t e s   ( 1 8 0 0   s)  a t   6 0 ° C .   The  a q u e o u s  

l a y e r   was  s e p a r a t e d .   A l c o h o l   c o n v e r s i o n   was  3 9 . 6  

p e r c e n t .  

A  s e c o n d   a d d i t i o n   o f   100  ml  o f   50  p e r c e n t  

NaOH  was  made   and   t h e   m i x t u r e   s t i r r e d   f o r   30  m i n u t e s  

( 1 8 0 0   s)  a t   6 0 ° C .   The  a q u e o u s   l a y e r   was  d i l u t e d   w i t h  

100  ml  i c e   w a t e r   and   t h e   m i x t u r e   c o o l e d   to   30°C  a n d  

s t i r r e d   f o r   15  m i n u t e s   (900   s ) .   The  a q u e o u s   p h a s e   w a s  

s e p a r a t e d   and   t h e   o r g a n i c   p h a s e   w o r k e d   up  as  d e s c r i b e d  

in   E x a m p l e   2.  The   r e s u l t s   o f   a n a l y s i s   o f   t h e   r e s u l t a n t  

e p o x y   r e s i n   a r e   g i v e n   i n   T a b l e   I .  

The  r e s u l t s   o f   t h e   a n a l y s i s   o f   t h e   a b o v e  

p r e p a r e d   e p o x y   r e s i n   and   p r o p e r t i e s   when   c u r e d   a s  

d e s c r i b e d   i n   E x a m p l e   1  a r e   g i v e n   i n   T a b l e   I .   C o n v e r s i o n  

o f   t h e   f i n a l   p r o d u c t   to   t h e   d i g l y c i d y l   e t h e r   was  9 4 . 2  

p e r c e n t   b a s e d   on  t h e   d i g l y c i d y l   e t h e r   o f   t h e   d i o l  

( m o l e c u l a r   w e i g h t   o f   4 5 6 . 5 )   h a v i n g   a  t h e o r e t i c a l   p e r c e n t  

e p o x i d e   o f   1 8 . 9 .  

COMPARATIVE  EXPERIMENT  C 

(PREPARATION  OF  DIGLYCIDYL  ETHER  OF  THE  REACTION  PRODUCT 
OF  PROPYLENE  OXIDE  AND  BISPHENOL  A  IN  A  MOLE  RATIO  OF  2 : 1  
RESPECTIVELY  USING  A  LEWIS  ACID  CATALYST 

The  p r o c e d u r e   o f   C o m p a r a t i v e   E x p e r i m e n t   A  w a s  

r e p e a t e d   e x c e p t   t h a t   t h e   r e a c t i o n   p r o d u c t   o f   p r o p y l e n e  

o x i d e   and   b i s p h e n o l   A  was  e m p l o y e d   i n s t e a d   o f   d i c y c l o -  

p e n t a d i e n e   d i m e t h y l o l .   The  r e s u l t s   o f   t h e   a n a l y s i s   o f  

t h e   e p o x y   r e s i n   and   t h e   p r o p e r t i e s   o f   t h e   r e s i n   c u r e d  

w i t h   t r i e t h y l e n e   t e t r a m i n e   as  i n   E x a m p l e   1  a r e   g i v e n   i n  

T a b l e   I .   C o n v e r s i o n   o f   t h e   d i o l   to   t h e   d i g l y c i d y l  

e i t h e r   was  72  p e r c e n t .  







1.  A  p r o c e s s   f o r   p r e p a r i n g   an  e p o x y   r e s i n  

w h i c h   c o m p r i s e s   r e a c t i n g   (A)  a  m a t e r i a l   h a v i n g   a n  

a v e r a g e   o f   more   t h a n   one  a l i p h a t i c   h y d r o x y l   g r o u p   p e r  
m o l e c u l e   w i t h   (B)  an  e p o x y   a l k y l   h a l i d e   i n   t h e   p r e s e n c e  
o f   (C)  an  a l k a l i   m e t a l   h y d r o x i d e   and  (D)  a t   l e a s t   o n e  

p h a s e   t r a n s f e r   c a t a l y s t ,   r e m o v i n g   t h e   s a l t   f o r m e d ,  

a l l o w i n g   t h e   r e a c t i o n   m i x t u r e   to   s e p a r a t e   i n t o   a n  

a q u e o u s   p h a s e   and   an  o r g a n i c   p h a s e ,   r e m o v i n g   t h e   a q u e o u s  

p h a s e ,   and  r e c o v e r i n g   t h e   e p o x y   r e s i n   f r o m   t h e   o r g a n i c  

p h a s e ,   w h e r e i n   t h e   p r o p o r t i o n s   of   c o m p o n e n t s   (A)  a n d  

(B)  a r e   s u c h   t h a t   c o m p o n e n t   (A)  d i s s o l v e s   i n   c o m p o n e n t  

(B)  and  t h e   r a t i o   o f   e q u i v a l e n t s   o f   c o m p o n e n t   (B)  t o  

e q u i v a l e n t s   o f   c o m p o n e n t   (A)  i s   g r e a t e r   t h a n   1 : 1 ,  

c o m p o n e n t   (C)  i s   e m p l o y e d   as  an  18  to  70  w e i g h t   p e r c e n t  

a q u e o u s   s o l u t i o n   and   i n   a  q u a n t i t y   w h i c h   i s   s u f f i c i e n t  

t o   c a u s e   t h e   s e p a r a t i o n   o f   t h e   r e a c t i o n   m i x t u r e   i n t o   a n  

a q u e o u s   p h a s e   and   an  o r g a n i c   p h a s e   a t   t h e   c o n c l u s i o n   o f  

t h e   r e a c t i o n   and  w h i c h   i s   a t   l e a s t   s t o i c h i o m e t r i c   w i t h  

t h e   a m o u n t   o f   u n r e a c t e d   c o m p o n e n t   (A) ,   c o m p o n e n t   (D)  i s  

e m p l o y e d   i n   a  q u a n t i t y   o f   f rom  0 .1   to   10  w e i g h t   p e r c e n t  

b a s e d   on  t h e   r e a c t i o n   m i x t u r e ,   and  t h e   r e a c t i o n   i s  

c o n d u c t e d   a t   a  t e m p e r a t u r e   b e t w e e n   0°  and   1 1 0 ° C ,  

c h a r a c t e r i z e d   by  r e p e a t i n g   a t   l e a s t   o n c e   t h e   s t e p s   i n  



w h i c h   t h e   o r g a n i c   p h a s e   i s   r e a c t e d   w i t h   a  q u a n t i t y   o f  

c o m p o n e n t   (C)  s u f f i c i e n t   t o   c a u s e   a  s e p a r a t i o n   of   t h e  

r e a c t i o n   m i x t u r e   i n t o   an  a q u e o u s   p h a s e   and  an  o r g a n i c  

p h a s e   and   w h i c h   i s   a t   l e a s t   s t o i c h i o m e t r i c   w i t h   t h e  

a m o u n t   o f   u n r e a c t e d   c o m p o n e n t   ( A ) ,   r e m o v i n g   t h e   s a l t  

f o r m e d ,   a l l o w i n g   t h e   r e a c t i o n   m i x t u r e   to   s e p a r a t e   i n t o  

an  a q u e o u s   p h a s e   and   an  o r g a n i c   p h a s e ,   and  r e m o v i n g   t h e  

a q u e o u s   p h a s e .  

2.  A  p r o c e s s   o f   C l a i m   1  w h e r e i n  

(1)   t h e   e q u i v a l e n t   r a t i o   o f   (B)  to   ( A )  

i s   f r o m   1 : 1   to   1 0 : 1 ;  

(2)   c o m p o n e n t   (C)  i s   e m p l o y e d   i n   a  

c o n c e n t r a t i o n   o f   f rom  45  t o  

55  p e r c e n t   by  w e i g h t ;  

(3)   c o m p o n e n t   (D)  i s   p r e s e n t   i n   a  

q u a n t i t y   o f   f rom  0 .5   t o   1 . 5   p e r c e n t ;  

a n d  

(4)   t h e   r e a c t i o n   i s   c o n d u c t e d   a t   a  

t e m p e r a t u r e   o f   f rom  0°C  t o   7 0 ° C .  

3.  A  p r o c e s s   o f   C l a i m   1  w h e r e i n  

(1)   t h e   e q u i v a l e n t   r a t i o   o f   c o m p o n e n t  

(B)  to   c o m p o n e n t   (A)  i s   f r o m   1 . 5 : 1  

to   5 : 1 ;  

(2)  c o m p o n e n t   (D)  i s   p r e s e n t   i n   a  

q u a n t i t y   o f   f rom  0 .5   to   1 . 5   p e r c e n t  

by  w e i g h t ;   a n d  

(3)   t h e   r e a c t i o n   i s   c o n d u c t e d   a t   a  

-  t e m p e r a t u r e   o f   f rom  150C  to   6 0 ° C .  

4.  A  p r o c e s s   o f   C l a i m   1  w h e r e i n  

(1)   c o m p o n e n t   (A)  i s   t r i m e t h y l o l   p r o p a n e ,  

c y c l o h e x a n e d i m e t h y l o l ,   d i c y c l o p e n t a -  



d i e n e d i m e t h y l o l ,   1 , 4 - b u t a n e d i o l ,  

e t h y l e n e   g l y c o l ,   p r o p y l e n e   g l y c o l ,  

p e n t a e r y t h r i t o l ,   or  d i p r o p y l e n e  

g l y c o l ;  

(2)  c o m p o n e n t   (B)  i s   e p i c h l o r o h y d r i n ;  

(3)  c o m p o n e n t   (C)  i s   s o d i u m   h y d r o x i d e ;  

a n d  

(4)  c o m p o n e n t   (D)  i s   a  q u a t e r n a r y  

ammonium  or   q u a t e r n a r y   p h o s p h o n i u m  

c o m p o u n d .  

5.  A  p r o c e s s   o f   C l a i m   2  w h e r e i n  

(1)  c o m p o n e n t   (A)  i s   t r i m e t h y l o l   p r o p a n e ,  

c y c l o h e x a n e d i m e t h y l o l ,   d i c y c l o p e n t a -  

d i e n e d i m e t h y l o l ,   1 , 4 - b u t a n e d i o l ,  

e t h y l e n e   g l y c o l ,   p r o p y l e n e   g l y c o l ,  

p e n t a e r y t h r i t o l ,   or   d i p r o p y l e n e  

g l y c o l ;  

(2)  c o m p o n e n t   (B)  i s   e p i c h l o r o h y d r i n ;  

(3)  c o m p o n e n t   (C)  i s   s o d i u m   h y d r o x i d e ;  

a n d  

(4)  c o m p o n e n t   (D)  i s   a  q u a t e r n a r y  

ammonium  or   q u a t e r n a r y   p h o s p h o n i u m  

c o m p o u n d .  

6.  A  p r o c e s s   o f   C l a i m   3  w h e r e i n  

(1)  c o m p o n e n t   (A)  i s   t r i m e t h y l o l   p r o p a n e ,  

c y c l o h e x a n e d i m e t h y l o l ,   d i c y c l o p e n t a -  

d i e n e d i m e t h y l o l ,   1 , 4 - b u t a n e d i o l ,  

e t h y l e n e   g l y c o l ,   p r o p y l e n e   g l y c o l ,  

p e n t a e r y t h r i t o l ,   or  d i p r o p y l e n e  

g l y c o l ;  

(2)  c o m p o n e n t   (B)  i s   e p i c h l o r o h y d r i n ;  

(6)   c o m p o n e n t   (C)  is   s o d i u m   h y d r o x i d e ;  

a n d  



(4)  c o m p o n e n t   (D)  i s   a  q u a t e r n a r y  

ammonium  or   q u a t e r n a r y   p h o s p h o n i u m  

c o m p o u n d .  
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